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cKimn and interferon aS17H9. 
(1) Field of the invention name , interferon oSSIB^ q{ ^ jnterf 

It is well toown * a "?. e Seron. UCLA Sympos.a on Mo lecular "J""^ activities are fairly 
imrai- C We ssmann et al. interferon, w feration and Nvacnvd""* 

cloning. However the WW»"J 3727-3746 (1984)). . ., M - sni e t al. Nature 267. 

20 Hiscott et al, Nucl. Acid Res £ 3^ ^ from , eukem , a leuk ocyte 0. M.yo ja ^ 

Miyoshi et al found (Miy08 hi et al. Progress in medicine (iganu 

(1977)) produces a lot of IFNa (M ce , nndu ced with Sandal 

(19 80 »- anH 1FNQS17H9 of this invention are prepared from wu. re|ates tQ DNA 

Novel IFNQS51B10 and IFNQ517HSO technique. Further, th. 3 '" v « , on of interferon 

2S virU s according to the v«» »JSJ . recombinant the recombinant 

^roS« 

- =»^tll- - - — amino acid sequence of 

lFN<^lB1u"an*IW^1^^^^^^^^^ A of iFNaS80A2, IFNaS51B10 and IFNaS17H9, respectively, 



40 



45 




of IFNo differennrom ev*. , . • cDN as. i no.. «» « 
?Je corresponding IFNa'sweremade^ 

these plasmids and succeed^ « proa w» d by us , n g as ^^f^ 1 ^ alrea dy known one 

A lot of complementary DNA (cDNA) dones H ^ an<J one of them was aire y g 

fromBALL-1 cell. ^ r ^ a ^^ c W g n ^ed as ne^fr° m *' ie ' r ^ a ?ipMQS^^ ^^S^IB^O^nd IFNqS17H9, 
and other two clones were recognKe ^ ^ named IF^S80A2, FN g ^ 

encoded thereby. The IFNs express* _r |pNs are shown in Fig. L "9- seqU ence in each 

flLtivelv. The DNA sequences encoding ™* se auence is shown under the DNA seq ed 



encoded thereby. The IFNs expresseo - ™ |FNs are sn0 wn in Fig. 1, HQ- i^^uence in each 

A: Alanine. * SSjSU* G: Glycine. 

E- Glutamic acid, f- "JEm K: Lvs,n • 

* Histidin6 ' M tSSne. f JJJHf* 

SBS. v;?r ine ' 
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T: Threonine, 
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Y: TYf0Sine ' f each cDNA of IFNOS80A2, IFNoS51B10 and 

The restriction map »^J^£F£m in Fig. 4. ^ 5 N a ^ ed 6 DyE . G renetal(J. 
.FNOS17H9 ^^^^am^^^ m ^ nf0M 
mtS!* 'J 6^6" (1984)). 
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IFNaS51B10 (Fig. 2) is very similar to IFNaG (Goeddel et al Nature 290, 20—26 (1981)) and IFNaS 
(Weissman, the same as noted above). A part of the base sequence of aG has not yet been elucidated and 
the 33 amino acid residues from N terminal cannot be presumed. Therefore, it is impossible to determine if 
IFNaS51 B10 is the same as aG. Since as to q5 the amino acid sequence only has been reported, compared 

s with the amino acid sequence of aS5lB10, the sole difference is recognized at 51th amino acid which is 
Lysine in a5 but Alanine in QS51B10. However, QS51B10 produced by £ coli shows antiviral activity in 
mouse cells but a5 produced by £ coli in the similar manner does not show antiviral activity in mouse cells 
(Nagata et al. Abstract of Japanese Virus Congress, 130, 1984; Proc. Natl. Acad. Sci. USA, 81, 5056—5090 
(1984)). Thus, the chemical structure of subtype S51B10 of IFNa is similar to that of known a5, but a 

w remarkable difference is recognized in physiological activity, and so IFNaS51B10 is determined to be novel 
IFNa 

IFNaS17H9 (Fig. 3) resembles known a8. Though all subtypes of IFNa consist of 166 amino acid 
residues except a2 (or aA) consisting of 165 amino acid residues (S. Pestka, the same as noted above, 
Weissmann, the same as noted above), this subtype consists of 161 amino acid residues. Therefore, it is 
'5 recognized as novel IFNa. 

By using cDNAs of IFNa's of this invention the recombinant plasmid expressing each IFNa is prepared 
according to well known recombinant DNA technique. The plasmid provided is introduced into an 
appropriate microorganism to give a transformed microorganism. Desired IFNa is produced by this 
microorganism. This invention comprehends IFNaS51 B10 and IFNaS17H9 produced by this serial method, 
20 recombinant plasmids expressing them and microorganisms transformed with these plasmids. 

Reagents, methods and operations used in the production of the desired materials as mentioned above 
are shown below. However, the present invention is not limited by these disclosures. In the following 
disclosure "IFNa's" is used as a general term of IFNaS80A2, IFNaS51B10 and IFNaS17H9. 
I Preparation of cDNA 
25 i Reagent and method 

A. Used microorganism 

A used microorganism is already known Escherichia coli K-12 such as HB101, X1776, JM103, C600 and 
so on. Bacillus subtilis such as Maburg 168, Saccharomyces cerevisiae and the like. These microorganisms 
30 are available from authorized depositories such as American Type Culture Collection. 

These microorganisms conform to Japanese guide line for recombinant DNA experimentation and this 
experiment was carried out according to the experimental guide line. 

B. Used enzymes, reagents and methods 

35 Several kinds of restriction enzymes, DNA polymerase, T4 kinase, S1 nuclease, terminal 
deoxynucleotidyl transferase, reverse transcriptase, RNase H, DNA Hgase and so on are all on the market. 
Human placenta RNase inhibitor is prepared in accordance with Blackburn's method (P. Blackburn, J. Biol. 
Chem. 254, 12484—12487 (1979)). Plasmid DNA and vector DNA on the market can be used. Recombinant 
plasmid of this invention is prepared by the standard alkaii-SDS method (Birnboin et al, Nucl. Acids, Res. 7, 

40 1513— 1523 (1979)) and purified with CsCI. Sequencing of DNA is achieved by chain termination method of 
Sanger et al using M13 phage (F. Sanger et al, Proc. Natl. Acad, Sci, USA 74, 5463—5467 (1977)). Other 
general recombinant DNA techniques are detailed in and conform to Methods in Enzymology 
(Recombinant DNA), Vol. 68 (part A), Vol. 100 (part B) and Vol. 101 (Part C). 

45 C. Chemical synthesis of oligodeoxynucleotide 

Oligodeoxynucleotide can be synthesized by using dideoxynucleotide as constitution block (Broka et 
al, Nucleic Acids Res. 8, 5461—5471 (1980)) according to improved phosphotri ester solid phase synthesis 
(Miyoshi et al, Nucleic Acids Res. 8, 5491—5505 (1980)). Material for the synthesis and the general method 
noted In Miyoshi et al, Nucleic Acids Res. 8, 5507—5517 (1980) are preferably used. 

so Oligonucleotide used as adaptor noted later is provided by linking specified dinucleotide or 
mononucleotide to 5 terminal. Mixed probe disclosed later is synthesized according to the method of Ike et 
al. (Nucleic Acids Res. 11, 477—488 (1983)). 



55 " 0 C| 0 Senetic operation can be applied to the preparation of cDNA encoding IFNa's of this invention 
and the operation is shown below. 

(a) Induction of IFNa in BALM ceil 
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(a) Induction of IFNa in BALL-1 cell . . . 
BALM cell (human lymphoblastoid cell) is cultured in growth medium, primed as occasion demands 

and then induced with IFN-production inducer (for example, Sendai virus) so as to produce IFN. 

(b) Preparation and m asurement of IFNmRNA 

A change of the cone ntration of IFNmRNA produced in cultured cells of (a) with the passage of t«me is 
measured and when the concentration reaches to maximum the mRNA containing poly (A) is c llected 
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and Berg. 

W Preparation of «*-|[^^ 
0 The^flodeoxy^ 

20-26 (198D). 



f5 



20 



20-26 (198D). 
hybridization (M. Grunste.ns et ai. rro . 

by the above ffj^DIWweo^ft.^ •»"•«»*«• 

„ «. nvnttx of •**■*»> ptaentlo ^ , ^ othet 

conditions are as follow. ^ 

« D Expression vector h for example, lac system, ^^^Jj^omotw $P B P.3 

35 Several kinds of vectors of £ j ^"J*^ <p t etc.) and X-phage «construct.on^ ^ pn 
main operator and P"*"^^ r 79 SS °1982)> «• jSva * al. Proc. of the IV 
Ssurimoto et al. MoU J^Stw I Bacillus v actor such « egf^*^ ^ sq Qn can be 

employed, too. 



empioyeu, «*w. 

m emodisoftenusedasol^odeoxynuc . g increased ^ sio „ of lFNa ' 8 , 

so that the expression amoum a ^ Ino deoxvnucleotide causing the increase ot ™ d K the secon d amino 
ftr example, in order to insert W^gJ^n tne codons encoding *»*^ a ™™ having a codon 
. •mth^nvention^^ 

GTQT 

,5-, CGATACATGTGT 15 1 TATGATACACACTAGI5 ) 

1 TATGTACACACTAG15 ) 

ISM CGATACTATATGTGT ,5>) CG wIaTACACACTAG(5') 

t5 ' TATGATATACACACTAG(S) _ iTrT(ST 

65 When an xpression plasmid is prep 
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Desired IFNa is produced by this microorganism. Ihis invention 
comprehends !FNaS51B10 and IFN<xS17H9 produced by this serial 
method, recombinant plasmids expressing them and microorganisms 
transformed with these plasmids. 

5 Reagents, methods and operations used in the production of 

the desired materials as mentioned above are shown below. However, 
the present invention is not limited by these disclosures. In the 
following disclosure "IFNas" is used as a general term of 
!FNaS80A2, IFNaSSlBlO and IFNctS17H9. 

10 I Preparation of cDNA 

i Reagent .and Method 

A. Used Microorganism 

A Used microorganism is already known Escherichia coli K-12 
such as HB101, x 1776* JM103, C600 and so on, Bacillus subtilis 
15 such as Maburg 168, Saccharpmyces cerevisiae and the like. Ihese 
microorganisms are available from authorized depositories such as 
American Iype Culture Collection. 

Ihese microorganisms conform to Japanese guide line for 
recombinant DNA experimentation and this experiment was carried 
20 out according to the experimental guide line. 

B. Used, Enzymes, Reagent^ and Methods 

Several kinds of restriction enzymes, DNA polymerase, 14 
kinase, SI nuclease, terminal deoxynucleotidyl transferase, 
reverse transcriptase, RNase H, DNA ligase and so on are all on 

25 the market. Human placenta RNase inhibitor is prepared in 

accordance with Blackburn's method (P.Blackburn, J. Biol. Chem. 
254 , 12484-12487(1979)). Plasmid DNA and vector DNA on the market 
can be used. Recombinant plasmid of this invention is prepared by 
the standard alkali-SDS method (Bimbo in et al, Nucl. Acids, Res. 

30 7, 1513-1523 (1979)) and purified with CsCl. Sequencing of DNA is 
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(5') GATCACAAGCTT). This oligomer complements the codon TGT which encodes cysteine of N-terminal 
amino acid of mature IFNa and which is lost by Sau3AI digestion, and introduces Hindlll cutting site just 
before the codon {Fig. 7(e), pOligomer IFNaS80A2). _ 

<§) The pOligomer !FNaS80A2 is digested with Hindlll and S1 nuclease and then with Pstl to give the 
fragment whose one end is flush end beginning with TGT and another end is Pstl cohesive end that 
contains IFNaS80A2 structural gene. 

® The fragment of Trp-promoter (©) is linked to the fragment containing IFNaS80A2 structural gene 
(®) with T4 DNA ligase to provide pTrp-Sn-IFNaS80A2 (Fig. 7(f)). 

II! Transformation and expression of IFNa 

According to the expression vector employed, the IFNa expression plasmid provided in II is introduced 
into an appropriate microorganism. In case using £ coli the transformation preferably achieved in 
accordance with the method of Hanahan et al, (J. Mol. Biol. 166, 557-580 (1983)). The resulting 
transformant is cultivated according to the usual method and the desired IFNa is separated from the culture 
and purified as occasion demands. 

5X3 TheVesent invention is exemplified by the following example but is never restricted by the example. 
Example 1 

I. Preparation of cDNA of IFNaS80A2 

(a) Induction of IFNmRNA in Ball-1 cell 

Into growth medium (RPM1 1640 medium containing 10% fetal calf serum) human lymphoblast cells 
are Inoculated by 1— 2x10 5 cells/ml and then incubated in C0 2 incubator at 37°C for 3—4 days. After 
suspended to 8x10 5 cells/ml in growth medium containing 1 mM butyric acid, the cells are incubated at 
37°C for 48 hours and centrifuged by Sakuma 10B-2 rotor at 1200 rpm for 20 minutes. The resulting cells are 
suspended in growth medium (pH 7.2) containing 10 mM HEPES* to 5x10 s cells/ml and treated with 100 
lU/ml of IFNa with stirring at 100 rpm in a revolving incubating flask. After addition of 500—1000 
hemagglutinin units/ml of Sendai virus (Cantell strain) the cells are incubated for 6—10 hours and collected 
by centrifugation by Sakuma 10B-2 rotor at 1200 rpm for 20 minutes. * 

(b) Preparation and measurement of IFNmRNA 

In order to collect cells when the amount of IFNmRNA therein reaches to maximum, a change of the 
production of IFN with the passage of time after the induction with Sendai virus is investigated (Table 8). 
After the induction with the virus, the cells incubated for 7, 8 or 9 hours are collected from each fraction to 
prepare mRNA. In order to estimate the rough amount of IFNmRNA in the obtained mRNAs, the mRNAs are 
injected into Xenopus oocyte according to the method of Cavalieri et al (Proc. Natl. Acad. Sci. 74, 3287 
(1977)). After the oocytes are incubated at 20°C for 48 hours, IFN activity in the medium is measured. 

The IFN in the oocyte incubation medium is measured through Cell Pathologically Effect (CPE) 
inhibition activity in MDBK cell challenged with vesicular stomatits virus. The result is shown in Table 1. 

TABLE 1 
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mRNA 


IFN titer (u/ug mRNA) 


Lot 48 (7 nr.) 


275 




Lot 49 (8 hr.) 


250 


50 


j Lot 50 (9 hr.) 


49 
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From the results of Table 1, it is recognized that the cells incubated for 7 hours after induced with the 
virus contain a lot of IFNmRNA. In order to condense the IFNmRNA, mRNA prepared from the cells (4x10 9 
cells) at 7 hours after the induction with the virus is fractionated by 5—20% sucrose gradient centrifugation, 
a portion of each fraction is injected into Xenopus oocyte to investigate the IFN activity, and fractions 
around the 12S from which IFNmRNAs are always obtained is separated. 

(c) Synthesis and cloning of cDNA 

The synthesis of the first strand cDNA by Okayama-Berg's method using 12S fraction mRNA is carried 
out in 50 ui of reaction mixture containing 1.5 ug of mRNA, 50 mM of Tris-HCi (pH 8.1), 50 mM of Nad, 10. 
mM of MgCI* 10 mM of DTT, 0.2 mg/ml of bovine serum albumin (BSA), 220 u/ml of RNase inhibit r 
derived from human placenta, 5 u Ci of (a* M P) dCTP and 2 mM of dATP, dCTP, dGTP and dTTP. As primer is 



65 # N-2-hydroxyethylpiperazine-N , -2-ethanesulphonic acid 
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used vector-primer provided by linking about 60 deoxythymidine residues to one end of DNA fragment 
constituting the vector, and 3.5 ug of vector primer (corresponding to 1.7 pmol) is used so that the number 
of mRNA molecule is in excess. After the addition of 500 u/ml of reverse transcriptase, the reaction mixture 
. is incubated at 37°C for 60 minutes. To the mixture 2 ul of 0.5 M EDTA and 5 ug of poly (A) are added to stop 

5 the reaction, then the mixture is extracted with phenol-chloroform. To the extract the same part of 4 M 
ammonium acetate {pH 5.0) and four parts of ethano! are added, and the mixture is cooled at -70°C for 15 
minutes and centrifuged for 10 minutes to give precipitate. The precipitate is dissolved in water again, and 
the procedure of the ethanol precipitation is carried out again. After washed with ethanol and lightly dried 
under reduced pressure, the precipitate is dissolved in water to advance to next step. 

10 To the above precipitate (corresponding to 1.4 ug of vector-primer) is linked about 20 deoxycytidine 
residues at 3'-terminal using terminal deoxynucleotidyl transferase in 35 u! of reaction mixture containing 
140 mM of sodium cacodylate, 30 mM of Tris-HCI (pH 6.8), 1 mM of CoCI 2 , 0.1 mM of DTT, 0.1 mg/ml of 
BSA, 50 uCi of (cT M P) dCTP and 50 uM of dCTP. To the reaction mixture is added 16 u of terminal 
deoxynucleotidyl transferase, incubated at 37"C for 15 minutes and cooled rapidly to 0°C to interrupt the 

is reaction, while, to measure the uptake of PP] into TCA precipitate, 1 ul of the mixture is sampled for 
estimating the length of deoxycytidine residues. If the length is about 20 bases, the reaction is stopped 
then, but if the linked chain is too short, the reaction mixture is warmed to 37°C again to be allowed to react 
for appropriate time after the addition of the enzyme. The reaction is stopped by adding 2 ul of 0.5 M EDTA, 
and the resultant is extracted with phenol-chloroform. To the extract are added one tenth parts of 3 M 

20 sodium acetate (pH 5.3) and 2.5 parts of ethanol, and then ethanol precipitation and ethanol washing is 
carried out in the same manner as noted above. The precipitate is lightly dried under reduced pressure and 
recovered by dissolved in water. 

The recovered precipitate is digested with Hindlll in 20 ul of reaction mixture containing 10 mM of 
Tris-HCI (pH 7.5), 60 mM of NaCI, 7 mM of MgCl 2 , and 0.1 mg/ml of BSA. To the reaction mixture 12 u of 

25 Hindlll is added, and the mixture is incubated at 37°C for 60 minutes and extracted with phenol-chloroform. 
The extract are precipitated by adding one tenth parts of 3 M sodium acetate (pH 5.3) and 2.5 parts of 
ethanol thereto. The precipitate is lightly dried under reduced pressure and dissolved in water to obtain 
cDNA corresponding to about 0.8 ug of vector-primer. 

The sample corresponding to 0.07 ug (0.035 pmol) of vector-primer is incubated with 13 ng (0.07 pmol) 

30 of linker DNA prepared by linking about 20 deoxyguanosine residues to one end of DNA fragment in 5 ul of 
10 mM Tris-HCI (pH 7.5), 1 mM EDTA and 0.1 M NaCI at 65°C for 2 minutes, then at 42°C for 30 minutes, and 
the mixture is cooled to 0°C. The following ingredients are added thereto to adjust the volume to 50 ul: 20 
mM Tris-HCI (pH 7.5), 0.1 M KCI, 4 mM MgCI 2 , 10 mM (NHJaSO^ 0.1 mM fJ-NAD, 50 ug/ml BSA and 15 u of 
£ coii DNA ligase. Then the mixture is incubated overnight at 12°C. 

35 The following ingredients are added to the reaction mixture so as to bring the specified concentration: 
40 mM of dATP, dCTP, dGTP and dTTP, 0.1 5 mM P-NAD, 10 u of £ colt DNA ligase (as additional part), 2.8 u 
of DNA polymelase I (Klenow Fragment) and 0.9 u of £ coii RNase H. The mixture is incubated at 1 2°C for 1 
hour and then at 25°C for 1 hour. 

By using this reaction mixture, £ coii K-12 (x776 or HB101 strain) is transformed to from cDNA bank 

40 according to the method of Hanahan et al. (J. Mol. Biol. 166, 557—580 (1983)). 

(d) Preparation of 32 P-oligodeoxynucleotide probe 

As a probe for screening human IFNa cDNA clone, two kinds of mixed probes consisting of 16 bases in 
chain length are prepared. 

® (5')AGATCACAGCCCA^C)AG 

<D (5' JAGATTACAGCCCA ^ C ^ AG 

According to the Goeddel's report (Nature 290, 20—26, (1981)), these sequences are complementary to 
62th to 77th sequence from ATG of each subtype cDNA of human IFNa However, there is no base 
sequence whose length is more than 14 bases that is common in all subtypes. Therefore, we synthesize 2 
types of 16-mer which are mixed type having 2 kinds of base at one site and are different at one site from 
one another in order to cover cDNAs of all IFNa subtypes. Mm — . ™ 

The labeling of oligodeoxynucleotide with 32 P is achieved by phospholylating with (y _32 P)ATP and T4 
polynucleotide kinase according to the method of Wallace et al (Nucl. Acids Res. 6, 3543—3557 (1979)). 
Moreover, (y~ 32 P)ATP and T4 polynucleotide kinase which have not reacted is removed by gel filtration 
so with Sephadex G-25. 

(e) Screening of cDNA clone with 32 P-synthesised oligodeoxynucleotide 

The clone containing human IFNa cDNA is detected from transformant resistant against ampicillin 
obtained by Okayama-Berg's method according to colony hybridization (M. Grunstein et al, Proc. Natl. 
65 Acad. Sci. USA 72, 3961—3965 (1975)). 
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On 125 sheets of nitrocellulose filter are formed 10.000 colonies, barteriolysised with alkali and fixed 
after DNA denaturation. After pretreated with 4xSSC», 10xDenhardt solution (B.ochem. B.ophys. Res. 
Comm. 23. 641-646 (1966)) and 100 ug/ml of £ coli DNA at 60»C for 4 hours, the Altera are hybnd.zed at 
SSt 15 hours with "P-synmesizeiLigodeoxynucleotide (chain length 16) probe f ^JO' cpnVfilter 
which is added to the newly prepared above-mentioned solution. After washed twice with 4xSSC at 4°Cfo 
T 5 minutes and air-dried, the filters are exposed at -70»C to Kodak XAR-5 X-ray film by usmg Dupont 
lightening plus intensifying screen. 

Southern hybridization ^g?gj£Stf2 *SSmS* «SK *!m known' ones is 
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II. Preparation of expression plasmid 

(g) Preparation of expression plasmid for IFNoS80A2 

(i) Example of using Resized ^^^^^ 

© Expression vector <P^,^**™2^ at CW cutting site is used. This expression vector is 
sequence of £ coff are inserted into g^^^SSSSS contains Trp-promoter is separated by 
digested with both Clal and Accl ^ tto^mai^CU «f The celSe is broken in 10 mM Tris-HCI (pH 
polvacrylamidegelelectropho^ ethano| tQ recover DNA 

8) and 1 mM EDTA an tine s"P«rnatant J"^^,,^^^ ^ AcdandSauSai and 
fragments. On the other by me gel electrophoresis in the same manner. 

the SlTXKsTg im This fragment is dieted by Sau96. to provide a m,xture of 34 bp 
S £ !ffl£Sn So e n1n ing he'fiStmino acid and the codon encoding 

fiSrS-2£* is .<St fy Sau^ digestion and the initiation 
tHe Tlf^lmantts" selected on a plate containing ampicillin. From the resulting colonies resistant 
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(*1xSSC contains 0.15 M NaCI and 0.015 M sodium citrate (pH 7:9)) 
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a fragment carrying Trp-promoter is separated by the ge! electrophoresis. The fragment has Pstl cohesive 

end, SD-ATG prescribed by Sn and flush end as a coding chain ends in ATG. 

® In the same manner as in (i), plasmid plFNaS80A2 is digested with both AccI and Sau96l to give a 

fragment having IFNa structural gene. Plasmid pBR322 is digested with b th Clal and AccI and the longest 
5 fragment isolated by the gel electrophoresis is linked to the above DNA fragment at AccI cutting site with T4 

ligase. In the same manner as in (i), Sau3AI fragment (176 bp) of plasmid plFNaS80A2 is digested with 

Sau96l to give a mixture of 34 bp and 142 bp. 

On the other side, such synthetic deoxy nucleotide oligomers, (5')CGAAGCTTGT and 

(5')GATCACAAGCTT, are prepared as having the codon TGT at end which encodes the first amino acid 
10 (cysteine) of N-terminal of mature IFNa and which is lost by Sau3AI digestion and introducing Hindlll 

cutting site just before TGT. 

The annealed above oligomers, the above pBR322-IFNa structural gene-linked fragment and the 

mixture of 34 bp and 142 bp are linked with T4 ligase. £ coli K-12 is transformed with the resulting 

recombinant DNA in the same manner as in (i). In the same way as in (i), plasmid DNA is separated and the 
15 completion of preparing the desired plasmid is confirmed through the restriction enzyme analysis. The 

resulting plasmid is named pOligomer-IFNaS80A2 (Fig. 7(e)). 

® The pOligomer-IFNaS80A2 prepared above is digested with Hindlll and then the Hindlll cohesive 

end is digested by S1 nuclease. After phenol-chloroform extraction and ethanol precipitation, the resultant 

is digested by Pstl and a fragment having IFNa structural gene is separated by the gel electrophoresis. The 
20 resulting fragment carrying IFNa structural gene has Pstl cohesive end and flush end as a coding chain 

begins with TGT. 

® The fragment carrying Trp-promoter prepared in © is linked to the fragment carrying IFNa structural 
gene prepared in ® and £ coli K-12 is transformed with the resulting recombinant DNA in the same v< 
manner as noted above. 

25 Transformant is selected on a plate containing ampicillin. A few colonies are selected from the 
resulting colonies resistant against ampicillin and each clone is multiplied. The antiviral activity in the 
extract of the £ coli is measured in a manner noted later and the transformants having the antiviral activity 
are recovered. The base sequence of the plasmid held by these transformants is analyzed and the each 
linkage of promoter, SD-ATG and IFN structural gene is confirmed to be a desired linkage. The plasmid 

30 recovered from these transformants is named pTrp-Sn-IFNaS80A2 (Fig. 7(f)) corresponding to the 
synthesized nucleotide oligomer Sn contained in -ATG vector. 

A standard strain off. coli K-12 C600/plFNaS80A2 prepared by transformation has been deposited as 
FERM P-7745 since July 25, 1984 in the Fermentation Research Institute Agency of the Industrial Science & 
Technology at Yatabe-machi, Tsukuba-gun, Ibaraki Pref. Japan. 

35 

Example 2 

(a) Preparation of expression plasmid for IFNaS17H9 and IFNaS51B10 

From two kinds of cDNA clone (IFNaS17H9 and IFNaS51B10) prepared in the above example 1-l-f is 
prepared each expression plasmid in the same manner as in Example 1. Since both IFN structural genes 
40 have similar restriction enzyme cutting sites to one another as shown in Fig. 5 and 6, procedures for 
preparing the expression plasmids are almost the same as one another. Therefore, a method for preparing 
both expression plasmids is shown below. 

(i) Example of using synthesized oligonucleotide adaptor 

45 By the method mentioned in Example 1-(g)-(i) Trp-promoter vector (Fig. 7(b)) is digested with Clal and 
Pstl and a Clal-Pstl fragment having Trp-promoter is isolated. 

On the other hand, plasmid plFNaS17H9 or plFNaS51 B10 is digested with both Pstl and Xbal and about 
2.3 kbp fragment carrying the latter half of IFN structural gene is separated by the gel electrophoresis in the 
same way noted above. This fragment is linked to the previously separated fragment having Trp-promoter 
so with T4 ligase and the fragment linked at Pstl site is isolated again by the gel electrophoresis. 

Then, plasmid plFNaS17H9 or plFNaS51B10 is digested with Xbal and next partially with Sau3AI and a 
245 bp fragment having the former half of IFNa structural gene is isolated by the gel electrophoresis (see 
Fig. 9(a)). 

This 245 bp fragment, the above Clal-Xbal fragment having Trp-promoter and annealed synthetic 
55 oligodeoxynucleotide adaptor, (5 ' )CG ATACATGTGT and (5 ' ) G ATC AC AC ATGTAT, having initiation codon 
ATG and TGT encoding cysteine the amino acid of N-terminal of IFNa are mixed and linked with T4 ligase. 
With the resulting recombinant DNA is transformed £ coli K-12 according to the method of Hanahan et a(. 

The transformant is selected on a plate containing ampicillin. A few colonies are selected from the 
resulting colonies resistant against ampicillin, and plasmid DNA is isolated therefrom. The presence of the 
60 desired fragment is confirmed by the restriction enzyme analysis. The resulting plasmids are named 
pTrp-IFNaS17H9 and pTrp-IFNaS51B10, respectively (Fig. 9(c)). The extract of £ coli carrying this plasmid 
has antiviral activity as mentioned later. 

(ii) Example of using ATG vect r 

65 ® ATG vector (Fig. 7(d)) is prepared in the same manner as in Example HgMiiHJ) and digested with 
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EcoRI, SI nuclease and Pstl in the same way as in the same @ to give DNA fragment having Pstl cohesive 
end SD-ATG prescribed by Sn and flush end as coding chain ends in TAG. 

'ffi Pstl-Xbal fraqment of plasmid P IFNaS17H9 or P IFNaS51B10 is prepared in the same manner as in (i). 
Plasmid pBR322 is digested with both Clal and Pstl and the shorter Clal-Pstl fragment ,s separated 
s therefrom and linked to the above fragment at Pstl site. On the other hand, Sau3AI-Xbal fragment 
conSng If 245 bp is prepared from plasmid P IFNaS17H9 or P .FNaS51B10 in the , same > manner _as m W 
® On the other side, synthetic deoxynucleotide oligomers, (5 JCGAAGCTTGT ana 
(5')GATCACAAGCTT which have the codon TGT at the end which encodes the first amino acid (cysteine) of 
N-terminal of mature IFNa and which is lost by Sau3AI digestion and introduce Hindlll cutting site just 
io before TGT, are prepared. , . . _ 

© The above oligomer annealed, the fragment of pBR322-IFNa structural gene prepared in above © 
and 245 bp Sau3AI-Xbal fragment of IFNaS17H9 (or aS51B10) are linked with T4 l.gase. With the resulting 
recombinant DNA is transformed £ coli K-12 in accordance with the method of Hanahan et a . 
A plasmid is prepared from the transformant in the same way as in (i> and subjected to the restriction 

is enzvme analysis to be confirmed that the desired plasmid is prepared. _ . 

enzyme ana.ys,^ ^ ^ ^ p01jgomeNFNaS17H9 and pO ligomer-IFNaS51B10, respectively 

<RS ® The plasmid prepared in above © is digested with Hindlll and the Hindlll cohesive end is digested by 
S1 nuclease After the phenol-chloroform extraction and the ethanol precipitation, the resultant is digested 
20 wto Ps?l andTe fragment carrying IFNa structural gene is separated by the gel electrophores.s. The 
fragment carrying IFNa structural gene has Pstl cohesive end and flush end as a coding chain begins with 

TGT '(S) The fragment carrying Trp-promoter "provided in above © is linked to the fragment carrying IFNa 
structural gene provided in above ® with T4 ligase and with the resulting recombinant DNA is transformed 

5s £ coli K-12 (C600) in the same manner as noted above. 

' Transformant is selected on a plate containing ampicillin. A few colonies are selected from the 
resulting colonies resistant against ampicillin and each clone is amplified. The antiviral activity .r .the 
erfract of the £ coli is measured in a manner noted later and the transformants having the antiviral acovrty 
are recovered The base sequence of the plasmid held by transformants is analyzed and the each linkage of 

30 promoter, SD-ATG and IFN structural gene is confirmed to be a desired linkage. The plasm.ds recovered 
from Se transformants are named P Trp-Sn-IFNaS17H9 and P Trp-Sn-IFNaS51B10, respectively (Fig. 9(d)) 
corresponding to the synthesized nucleotide oligomer Sn contained in ATG sector. rfim/ , FN g17Hg 
The transformants provided in the above procedure are named Eschenchia coli K-1 2 c 6M/plFNaS17H9 
and Escherichia co//K-12 C60O/plFNaS51B10, respectively, which have been deposited as FERM P-7766 and 

35 FERM P-7767, respectively, since August 8, 1984 in the Fermentation Research Institute Agency of the 
Industrial Science & Technology and have been transferred to the deposition under the Budapest Treaty 
with accession No. FERM BP-840 and FERM BP-841, respectively, since July 11, 1985. 

Effect of the invention 

40 I. Expression of IFNaS80A2 . . , , t . „ . m 

(i) Analysis of the production from plasmid gene by using in vitro transcription-translation system 

Zubay et al reported that protein encoded by plasmid DNA can be produced ^ m vitro 
transcription-translation system by using £ coli extract (Methods in Enzymology 6S, 856-877 (1980)). 

The recombinant plasmid pTrp-IFNoS80A2 having Trp-promoter provided above is allowed to react in 
4S the presence of M S-methionine by using in vitro transcription-translation system kit (Amersham) according 
to the manual. The reection production is analyzed by 16% SDS-polyacr/lamide gel electrophoresis 
(Laemmli, Nature 227, 680-«85 (1970)). 

As a result, only polypeptide (MW c. a. 20.000) presumed to be interferon and a small amount of the 
production of ampicillin-resistant gene are detected. Antiviral activity in the reaction mixture of this in vitro 
so transcription-translation system is measured (according to the measurement method noted later) and 
about 100,000 u/ml of IFN is detected. The band of MW c. a. 20,000 is extracted from the gel and the IFN 
activity of the extract solution is measured to be recognized as positive. 

(ii) Expression of IFNaS80A2 in £ coli ... 

55 £ coli K-12 C600 is transformed with plasmid P Trp-IFNaS80A2 (Fig. 7(c)) prepared above according to 
the method of Hanahan et al and the colonies growing on a plate containing 40 ug/ml ampicillin are 

collected at random. . . , . . .... 

Next each colony is cultured overnight in LB (Luria-Bertani) medium containing 40 ug/ml ampicillin 
and 0.005 ml of this culture is inoculated into 5 ml of M9 medium supplemented 0.5% glucose, 0.5 h 
casamino acid and 40 ug/ml ampicillin and incubated at 37"C for 8 hours, and 5 ml of this culture is 
centrifuged. The resulting cell pellet, t which is added 2 ml of PBS (phosphate buffered saline) buffer 
solution supplemented 1% SDS, is destr yed by Sonication to provide £ coli extract 

In determining a titer f IFN, a value det rmined by the dye uptake method employing Smdb.s virus 
and FL cell (Protein, Nucleic acid and Enzyme (extra issue) 25. 355-363) is converted into international unit 
by standardizing the value with NIH human leukocyte IFN standard (G-023-901-527). 
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The titer of IFN in each £ coli extract prepared above is determined to be 10,000—50,000 u per 1 ml of 
the culture f £ coli. This IFN activity is neutralized only by the antibody against human IFNa but not at all 
by the antibody against human IFN|3 or y. 

5 ||. Expression of IFNaS17H9 and aS51B10 

The expression is carried out in £ coli with the recombinant plasmid having promoter prepared above. 

For example, £ coli K-12 (C600) is transformed with the recombinant plasmid pTrp«IFNaS17H9 or 
pTrp-IFNaS51B10 (Fig. 9(b)) having Trp-promoter according to the method of Hanahan et ai (noted above) 
and 10—20 strains are appropriately picked up from the colonies growing on a plate containing 40 u.g/ml 
ampicillin. 

Next, each colony is cultured overnight in LB (Luria-Bertani) medium containing 40 ng/ml ampicillin 
and 0.005 ml of this culture is transplanted into 5 ml of M9 medium supplemented 0.5% glucose, 0.5% 
casamino acid and 40 \xglm\ ampicillin and incubated at 37°C for 8 hours. The cell pellet provided by 
centrifuging 5 ml of this culture, to which is added 2 ml of PBS (phosphate buffered saline) buffer solution 
15 supplemented 1% SDS, is destroyed by sonication to provide £ coli extract 

In determining a titer of IFN, a value determined by the dye uptake method employing Sindbis virus 
and FL cell (Protein, Nucleic acid and Enzyme (extra issue) 25, 355—363) is converted into international unit 
by standardizing the value with NIH human leukocyte IFN standard (G-023-901-527). 

The titer of IFN in each £ coli extract prepared above is determined and the IFN activity per 1 ml of the 
20 culture of £ coli is shown in Table 2. The activity to mouse cell (L0) as well as human cell is determined and 
compared, and it is found that subtype S51B10 has activity to mouse cell but subtype S17H9 has not. 

TABLE 2 5 
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IFN activity (lU/ml) 




Subtype 


FL cell 


LO cell (%) 




S17H9 


4,800 (100) 


<2 (<0.004) 


30 


S51B10 


38,000 (100) 


5,000 (13) 



!FNaS51B10 and IFNaS17H9 provided by this invention have antiviral and anti-tumor activity as other 
subtypes of IFNa and are useful compounds as a medicine for human and animal. The dose largely 
35 depends upon the subject and purpose of administration and the purity of administered IFN. However, 
these IFNas may be administered to a normal adult man at a dose of about 10 5 — 10 7 units (international 
unit) per day. 

Claims 

40 

1. Interferon aS51B10 or aS17H9. 

2. A DNA encoding interferon aS51B10 or aS17H9. 

3. The DNA of claim 2, which carries a sequence shown in Fig. 2 or Fig. 3. 

4. A recombinant plasmid enabling an expression of interferon aS51B10 or aS17H9 in a host 
45 microorganism. 

5. The recombinant plasmid of claim 4, which carries Trp-promoter. 

6. The recombinant plasmid of claim 4, which is pTrp-IFNaS51B10, pTrp-Sn-IFNaS51B10, pTrp- 
IFNaS17H9 or pTrp-Sn-IFNaS17H9. 

7. A microorganism transformed by a recombinant plasmid enabling an expression of interferon 
so QS51B10 or aS17H9. 

8. The microorganism of claim 7, which is Escherichia colL 

9. The microorganism of claim 7, which is £ coli K-12 C600/plFNaS51B10. 

10. The microorganism of claim 7, which is £ coli K-12 C600/plFNaS17H9. 

55 

Patentanspruche 

1. AlphaS51B10- Oder alphaS17H9-lnterferon. 

2. DNS, welche den Code fOr alphaS51B10- oder alphaS17H9-lnterferon enthait 

so 3. DNS nach Anspruch 2, welche die in Fig. 2 der Fig. 3 dargestellte Sequenz aufweist. 

4. Rekombinantes Plasmid, welches die Expressi n von alphaS51B10- oder alphaS17H9-lnterferon in 
einem Wirts-Mikroorganismus ermoglicht 

5. Rekombinantes Plasmid nach Anspruch 4, welches einen Trp-Promotor aufweist. 

6. Rekombinantes Plasmid nach Anspruch 4, welches pTrp-IFN alphaS51B10, pTrp-Sn- 
6$ IFNalphaS51B10, pTrp-IFNalphaS17H9 der pTrp-Sn-IFNalphaS17H9 ist 
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7 Mikroorganismus. transformer! durch ein rekomblnantes Plasmid. welches eine Expression von 
alphaS51B10- Oder alphaS17H9-lnterferon ermdglicht 

8 Mikrooraanismus nach Anspruch 7, welcher Eschenchia coh ist !rt 

9 £S> nach Anspruch 7, welcher E. coll K-12 C600/plFNalphaS51B10 

5 10 MikSrganismus nach Anspruch 7, welcher E. coli K-12 C600/plFNalphaS17H9 .sL 



Revendications 

1. Interferon QS51B10 ou QS17H9, 
;o 2. DNA codant 1'interferon aS51B10 ou aS17H9 
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2. DNA codant rmteneron aooioiv wu ^./..w. - 9 « 

* nisiA de la ravendication 2, qui porte une sequence representee dans les figures \<l ou 
I °Z^^St pemB^ expression de interferon aS51B10 ou aS17H9 dans un 

microorganrame h ^ d , revendic ation 4, qui porte un promoteur de Trp. 

6 PlasS freSmbinant de la revendication 4, qui est le P Trp-IFNaS51B10. le pTrp-Sn.lFNaS51B10, le 

PT ^ M^anisnie p.asmide recombinant pedant .'expression de .'interferon 

QS51B10 ou QS17H9. , . . . ' 

8. Microorganisme de la revendication 7, qui e *5 5 ** e ^ 

9. Microorganisme seion ia revendication 7 qui est £ ^' ^"cSJg^^ 
10 Microorganisme de la revendication 7 qu. est E. coli K-12 C600/pIFNa517H9. 
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Figure 1 



017388/ 



10 20 30 k0 50 6v 

TGTGATCTGCCTCAGACTCACAGCCTGGGTAATAGGAGGGCCTTGATACTCCTGGC; - 
CD LP QTHS LGNRRA'L I LLA 

70 80 90 100 110 

ATGGGAAGAATCTCTCATITCTCCTGCCTGAAGGACAGATATGATTTCGGATTCCC:. 
MGRISHFSCLKDRYDFGPPQ 

130 ' l4o 150 160 170 ISO 

GAGGTGTTTGATGGCAACCAGTTCCAGAAGGCTCAAGCCATCTCTGCCTTCCATGAGA'iG 
EVFDGNQPG'KAQAISA FHEM 

190 200 • 210 220 230 2*0 

atccagcagaccttcaatctcttcagcacaAaggattcatctgctgcttgggatga - :c 

IQQTPNLF ST KDSSAAW.. OET 

250 260 270 280 290 jCC 

CTCCrAGACAAATTCTACATTGAACTTTTCCAGCAACTGAATGACCTAGAAGCCTGTGTG 
LLDKFTI ELPQQLNDLSA. C 

310 320 330 34o 35X3 -••':> 

ACACAGGAGGTTGGGGTGGAAGAGATTGCCCTGATGAATGAGGACTCCATCCTGGC' ' 
TQEVGVEEIALMNEDSIL A 

370 380 390 400 klO ' *■ 

AGGAAATACTTTCAAAGAATCACTCTTTATCTGATGGGGAAGAAATACAGCCCTTGT - " 
RKTF QRITLYLMGKK--YS PC A 

*»30 440. 450 460 470 

tgc^ggttgtcagagcagaaatcatgagatccttctctttitcaacaaacttg^:a . 

VE VVR AEIMRSFSPSTNLQ:. 

490 5OO 
GGATTAAGAAGGAAGGATTGA 
G L R R X D * 
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. Figure 2 



10 20 30 *»0 50 60 

1GTGATCTGCCTCAGACCCACAGCCTCACTMCAGGAGCAOTGATCATAATGGCACAA 

CDL?QTHSLSKRR TLM IHAV 

70 80 90 100 110 I 20 

ATGGGAAGAATCTCTCCTITCTCCTGCCTGAAGCAWGACATCACmGGAmCCTCAG 

MGRlSPFSCLKDRHDFGrPq 

110 ' 1^0 150 160 170 180 

GAGGAGTrTGATGGCAACCAGTTCCAGAAGGCTCAAGCCATCTCTGjrCCTCCATGAGATG 

EEFDGNQFQKAQAISVLHEM 

1Q0 200 210 220 230 2^0 

ATCCAGCAGACCTTCAATCTCTTCAGCACAAAGGACTWTCTGCTACTTGGGA 
IQQTFNLFSTKDSSATVDET 

2*0 260 270 280 290 300 

CTTCTA-GAcWrCTACACTGAACTT^^ 

LLD KFYTELYQQLNDLEAC n 

no 320 330 3*0 350 360 

atgcaggaggttggagtggaagaca^ 

MQEVGVEDTPLMNYDSILTY 

1-0 380 390 *00 MO ''^0 

AGAAAATACTTTCAAAGAATCACTCTCTATCTGACAGAGAAGAAATACAGCC 
RKYFQRITLYLTEKKYSPCA 

410 kkO «»50 «»60 *70 *80 

TGGGAGGTT GT C AGAGCAGAAAT CATGAGAT C CTTCT CTTT ATCAGCAAA CTTGC AAGAA 
VEV VRABIMR5FSLSANLQE 

AGATTAAGGAGGAAGGAATGA 
R I R R K S • 



2 



0 173 887 



Figure 3 



10 20 30 ko 50 60 

TGTGATCTGC CT C AGA CTC ACA GC CTGGGTAA CAGGAGGGCCTTGATACT C CTGGCAC AA 
CD LP QT.H S L GNRRA L I LLA Q 

70 80 90 100 110 120 

ATGCGAAGAATCTCTCCTTTCTCCTGCCTGAAGGACAGACATGAC^ 
M'RRISPFSCLKDRHDFEFPQ 

. 130 ' 1^0 150 160 170 180 

GAGGAGTTTGATGATAAACAGTT C CAGAAGGCT CAAGC CAT CT CTGT C CT C C ATGAGATG 
EE FDDKQFQKAQAIS VLHEM 

190 200 210 220 230 2^0 

ATCCAGCAGACCTTCAACCTCTTCAGCACAAAGGACTCATCTGCTGCTTTGGATG 
i q'q T F N L F S T-X DSSAALDET 

250 260 270 280 290 300 

CTT CTAGATGAATTCTA CAT CGAACTTGAC CAGCAGCTGAATGAC CTGGAGTC CTGTGTG 
LLDEFYIELDQQLNDLESCV 

310 320 330 3^0 350 360 

ATGCAGGAAGTGGGGGTGATAGAGTCTCCCCTGATGTACGAGGACTCCATCCTGGCTGTG 
M .QEVGVI E.SPLMYEDSI LAV 

370 380 390 fcOO klO **20 

AGGAAAT ACTTC CAAAGAAT CACTCTAT ATCTGACAGAGAAGAAATA CAGCTCTTGTGCC 
RKYFQRITLYLTEKKYS SCA 

430 kkQ U50 U60 ^70 kSQ 

TGGGAGGTTGT C AGAGCAGAAAT CATGAGATC CTT CT CTTTAT C AAT CAACTTGCAAAAA 
VEVVRAE XMRSFSLSTNLQK 



GATTGA 
D * 
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Figure 7 




Okayama-Berg' s T 
vector-derived AccI 
fragment 



sau3Al j 
sau96! >766p 
sau3AI \ PS1 



pBR322-derived 
fragment 





AccI 



(d) 



Squ3AI 
Sou96l 




Acd 




(f) 

p7rp-Sn 
Pstl4 -IFNAS80A2I 




Acd 



Trp-promoter operator and 
Shine-Dalgarno sequence 

KWfta&fl Synthetic oligonucleotide adaptor 

or oligomer 
W//////S/A IPSO cDNA-derived DNA 
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Figure 8 
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Acci 



gggg Trp-promoter operator and Shine -Dal garno sequence 
ggggg Synthetic oligonucleotide adaptor or oligomer 
WM//////X IF^ a cDNA-de rived DNA 
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